
Background: Ocular melanoma is the leading intraocular malignancy.  There is no effective treatment for metastatic ocular melanoma.  
We sought a treatment targeting the tumor microenvironment as well as the tumor cells.  Methods: Migration of HUVEC cells, the 
ability of HUVEC cells to form tubes, and proliferative capacity of a human ocular melanoma cell line were tested in the presence of 
lenalidomide and sorafenib alone and in combination.  The compds. were also tested in a rat aortic ring assay and were tested in a 
highly aggressive human ocular melanoma xenograft model.  Results: Lenalidomide and Sorafenib inhibit HUVEC ability to migrate and 
form tubes and when used in combination the inhibition is increased.  The agents alone and in combination inhibit outgrowth in the rat 
aortic ring model.  The combination of the agents improved the inhibition over either single agent.  In a xenograft model, combination 
therapy inhibited tumor growth over inhibition by single agent alone in a significant fashion (p<0.004: lenalidomide and p<0.0035: 
sorafenib).  Furthermore, spontaneous lung metastasis development was completely inhibited in the combination treated animals.  
Sixty percent of vehicle treated animals developed lung metastases compared to 50% of lenalidomide treated animals, and 33% of 
sorafenib treated animals.  Conclusions: Lenalidomide and sorafenib are effective at targeting endothelial cells, inhibiting growth of 
ocular melanoma cells and can inhibit growth of tumors in a xenograft model as well as inhibit development of metastases.  Combining 
these agents works in an additive to synergistic way to inhibit the growth of tumors and development of metastases.
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PURPOSE: Over the past 60 years, cytotoxic chemotherapy has targeted the cancer cell.  Despite this, there have been few cancer 
cures.  A new approach to cancer therapy is to target the multicellular biol. entity of the tumor microenvironment.  Exptl. Design: 
Lenalidomide, an immunomodulatory drug, sunitinib, a tyrosine kinase inhibitor, and low-dose metronomic cyclophosphamide, were 
tested alone and in combination for their abilities to inhibit endothelial cell tube formation, rat aortic ring outgrowth, tumor growth, and 
metastatic development in mice.  In addn., ectopic tumor lysates were evaluated for the presence of proangiogenic proteins.  
RESULTS: The three agents alone were shown to significantly inhibit endothelial cells' ability to form tubes and significantly inhibit the 
multicellular microenvironment in the rat aortic ring assay (P < 0.01 and P < 0.001).  This effect was also significantly augmented when 
the agents were combined.  Furthermore, the three-drug combination was able halt the progression of tumor growth almost completely 
in xenograft models of ocular melanoma, colon cancer, pancreatic cancer, and cutaneous melanoma.  These agents significantly 
decrease the no. of proliferating cells in tumors, significantly increase the no. of cells undergoing active cell death in tumors, and 
significantly decrease the no. of blood vessels in treated tumors (P < 0.05).  Combination therapy shows a decrease in the 
compensatory up-regulation of proangiogenic proteins after treatment when compared with single-agent therapy.  CONCLUSIONS: This 
combination of agents causes an inhospitable microenvironment for tumor cells and shows great promise for use in the clinic.
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Multiple myeloma (MM) is a B-cell malignancy characterized by accumulation of monoclonal plasma cells in the bone 
marrow (BM).  Despite recent advances in the treatment, MM represents an incurable disease for which development of 
new therapies is required.  We report the antimyeloma effect of NVP-AEW541, a small molecule that belongs to the 
pyrrolo[2,3-d]pyrimidine class, identified as a selective inhibitor of the insulin-like growth factor-I receptor (IGF-IR) in vitro 
kinase activity.  NVP-AEW541 had a potent cytotoxic effect on fresh cells and in a murine MM model.  NVP-AEW541 
partially abrogated the proliferative advantage conferred by the coculture with BM stromal cells and the presence of 
growth factors produced by the BM microenvironment.  In addition, NVP-AEW541 potentiated the action of drugs, such as 
bortezomib, lenalidomide, dexamethasone or melphalan.  Moreover the triple combination of NVP-AEW541, 
dexamethasone and bortezomib resulted in a significant increase in growth inhibition.  Mechanistic studies indicated that 
NVP-AEW541 provoked a marked cell cycle blockade accompanied by pRb downregulation.  Interestingly, NVP-AEW541 
increased the levels of p27 associated with a reduction in the CDK2 activity.  Finally, NVP-AEW541 induced cell death 
through caspase-dependent and -independent mechanisms.  All these data, suggest the potential effect of IGF-IR kinase 
inhibitors as therapeutic agents for MM patients.
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New thalidomide derivs. CC-5013 and CC-4047 (immunomodulatory drugs, IMiD) are up to 10,000 times more potent than Thalidomide.  
The biol. effects of IMiDs are presumed to be mediated by (a) activation of some components of the innate [natural killer (NK) cells] or 
adoptive immune system (T cells), (b) modification of cytokine microenvironment in the tumor bed, or by (c) inhibition of angiogenesis.  
In this article, we tested an innovative combination strategy involving rituximab and IMiDs in aggressive lymphoma cell lines and 
human lymphoma xenografts.  Treatment of non-Hodgkin's lymphoma cells with CC-5013 resulted in a 40% to 70% growth inhibition 
when compared with controls (P < 0.05).  Exposure of lymphoma cells to CC-4047 resulted in a lesser degree of growth inhibition.  
Induction of apoptosis was shown in 10% to 26% of lymphoma cells 24 h following exposure to either IMiD.  In vivo studies in severe 
combined immunodeficient mice showed synergistic activity between CC-4047 (and to a lesser degree, CC-5013) plus rituximab.  
Animals treated with the CC-4047/rituximab combination had a median survival of 74 days (P = 0.0012) compared with 58 days (P = 
0.167) in CC-5013/rituximab-treated animals compared with 45 days in rituximab monotherapy-treated animals.  The synergistic effect 
between IMiDs and rituximab in our mouse model was attributed to NK cell expansion.  The enhancement of rituximab activity by IMiDs 
was abrogated by in vivo depletion of NK cells.  Augmenting NK cell function by CC-4047 or CC-5013 exposure may increase the 
antitumor effects of rituximab against B-cell lymphomas and warrants further exploration in the context of a clin. trial.
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In multiple myeloma (MM) protein kinase C (PKC) signaling pathways have been implicated in cell proliferation, survival, 
and migration.  Here we investigated the novel, orally available PKC-inhibitor enzastaurin for its anti-MM activity.  
Enzastaurin specifically inhibits phorbol ester-induced activation of PKC isoforms, as well as phosphorylation of 
downstream signaling molecules MARCKS and PKCmu.  Importantly, it also inhibits PKC activation triggered by growth 
factors and cytokines secreted by bone marrow stromal cells (BMSCs), costimulation with fibronectin, vascular 
endothelial growth factor (VEGF), or interleukin-6 (IL-6), as well as MM patient serum.  Consequently, enzastaurin inhibits 
proliferation, survival, and migration of MM cell lines and MM cells isolated from multidrug-resistant patients and 
overcomes MM-cell growth triggered by binding to BMSCs and endothelial cells.  Importantly, strong synergistic 
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Activation of the extracellular signal-regulated kinase1/2 (ERK1/2) signaling cascade mediates human multiple myeloma 
(MM) growth and survival triggered by cytokines and adhesion to bone marrow stromal cells (BMSCs).  Here, we examined 
the effect of AZD6244 (ARRY-142886), a novel and specific MEK1/2 inhibitor, on human MM cell growth in the bone 
marrow (BM) milieu.  AZD6244 blocks constitutive and cytokine-stimulated ERK1/2 phosphorylation and inhibits 
proliferation and survival of human MM cell lines and patient MM cells, regardless of sensitivity to conventional 
chemotherapy.  Importantly, AZD6244 (200 nM) induces apoptosis in patient MM cells, even in the presence of 
exogenous interleukin-6 or BMSCs associated with triggering of caspase 3 activity.  AZD6244 sensitizes MM cells to both 
conventional (dexamethasone) and novel (perifosine, lenalidomide, and bortezomib) therapies.  AZD6244 down-regulates 
the expression/secretion of osteoclast (OC)-activating factors from MM cells and inhibits in vitro differentiation of MM 
patient PBMCs to OCs induced by ligand for receptor activator of NF-kappaB (RANKL) and macrophage-colony 
stimulating factor (M-CSF).  Finally, AZD6244 inhibits tumor growth and prolongs survival in vivo in a human 
plasmacytoma xenograft model.  Taken together, these results show that AZD6244 targets both MM cells and OCs in the 
BM microenvironment, providing the preclinical framework for clinical trials to improve patient outcome in MM.
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cytotoxicity is observed when enzastaurin is combined with bortezomib and moderate synergistic or additive effects when 
combined with melphalan or lenalidomide.  Finally, tumor growth, survival, and angiogenesis are abrogated by enzastaurin 
in an in vivo xenograft model of human MM.  Our results therefore demonstrate in vitro and in vivo efficacy of the orally 
available PKC inhibitor enzastaurin in MM and strongly support its clinical evaluation, alone or in combination therapies, to 
improve outcome in patients with MM.
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